
Summary 

 

Excessive ethanol consumption leads to the development of alcohol dependence 

and alcoholism, which is characterized by compulsive drinking, loss of control over 

alcohol consumption, and the occurrence of negative emotional states during periods 

of abstinence. Treatment of alcoholism is an arduous and long process, most often 

requiring the use of several treatment methods simultaneously, placing a significant 

burden on health care systems. Psychosocial interventions (e.g. cognitive-behavioral 

therapy) are the method of choice in treatment of people with alcohol dependence. 

They can be combined with pharmacological treatment, which in Poland is limited  

to four drugs: disulfiram, acamprosate and two opioid receptor antagonists: 

naltrexone and nalmefene. Treatment of alcoholism is aimed at reducing the amount 

of alcohol consumption, reducing alcohol craving, and extending periods  

of abstinence. 

The effects of ethanol on the organism are primarily due to an imbalance between 

GABA, the main inhibitory neurotransmitter and glutamate, the main excitatory 

neurotransmitter in the central nervous system (CNS). Glutamate NMDA receptors 

are the main target of alcohol in the CNS. They have been shown to be involved  

in the rewarding effects of ethanol, mediating the severity of withdrawal symptoms 

and changes in synaptic plasticity that may be involved in the transition  

from occasional to uncontrolled alcohol consumption [Kotlińska i wsp., 2004;  

Biała i Kotlińska, 1999; Barker i wsp., 2017; Becker i Lopez, 2016,  

den Hartog i wsp., 2017]. A single exposure to ethanol inhibits NMDA receptors, 

while chronic ethanol administration induces their hypersensitivity (up-regulation)  

in various brain structures [Pignataro i wsp., 2009; Kumari i Ticku, 2000]. Repeated 

exposure of NMDA receptors to alcohol contributes to hyperactivity and 

excitotoxicity in the CNS and plays an important role in the development of alcohol 

dependence [Zamudio i wsp., 2021]. 

Glycine is an organic chemical compound with the simplest structure  

of the 20 amino acids. It has a dual function in the mammalian CNS: 1) it is a major 

inhibitory neurotransmitter acting through the strychnine-sensitive glycine receptors 

(GlyR) and 2) it is an obligatory NMDA receptor co-agonist, modulating excitatory 



neurotransmission. Glycine concentration in the synaptic cleft is regulated by two 

specialized glycine transport proteins: GlyT1 and GlyT2. The GlyT2 transporter  

is located presynaptically on glycinergic neurons, and its function is the re-uptake  

of glycine back to the presynaptic endings. The GlyT1 transporter is localized mainly 

on glutamatergic neurons; moreover, its expression reflects the distribution  

of NMDA receptors [Cubelos i wsp., 2005]. Its function is the removal of glycine 

from the synaptic cleft to maintain optimal neurotransmitter level around NMDA 

receptors. Blockade of GlyT1 results in an increase of NMDA receptor activity, 

provided that glycine levels do not exceed the saturation level at the glycine B site  

in this receptor. Excessive concentration of glycine triggers the NMDA receptor 

internalization phenomenon. Studies have shown that compounds that modulate 

NMDA receptor activity by inhibiting GlyT1s activity are effective in inhibiting CNS 

disorders associated with NMDA receptor dysfunction, such as alcohol dependence 

and memory disorders [Molander i wsp., 2007; Vengeliene i wsp., 2010;  

Lido i wsp., 2012; Karasawa i wsp., 2008; Kinney i wsp., 2003]. 

Ethanol exposure causes cognitive deficits, memory deficits, and executive 

function disorders [Hermens i Lagopoulos, 2018; Bates i wsp., 2002; Pitel i wsp., 

2007; Chen i wsp., 2018]. These changes result in neuroadaptations in brain regions 

involved in learning and memory (amygdala, cortex, hippocampus, striatum).  

Such neuroadaptations contribute to changes in the rewarding effects of ethanol,  

as well as changes in behavior associated with ethanol consumption  

[Abrahao i wsp., 2017]. 

An important factor leading to alcohol abuse and relapse is exposure to stress. 

Maternal separation (MS) is an animal model used to study the influence of stress 

experienced in early life periods on the development of physiological and behavioral 

functions. Studies have shown that separation from mothers, especially repeated, 

disrupts glutamate transmission and causes deficits in learning and memory processes 

[Gordon, 2002; Sinha, 2001; Delavari i wsp., 2016; Pickering i wsp., 2006]. 

The purpose of this dissertation was to investigate the effects of the compound 

Org24598, which acts as an inhibitor of the GlyT1 transporter, on cognitive  

and spatial memory impairment induced by ethanol administration. In addition,  

the aim of this study was to demonstrate whether separation from mothers in the first 

21 days of life affects ethanol intake in a two-bottle choice test in adult rats  



and whether Org24598 can modulate this effect in an NMDA receptor-dependent 

manner.  

The first phase of the study was to evaluate the effects of Org24598  

on declarative memory impairment induced by chronic ethanol administration in rats, 

measured 24 and 48 hours after ethanol withdrawal. Declarative memory impairment 

was assessed using the novel object recognition (NOR) test. To confirm the specific 

action of Org24598, the elevated plus maze (EPM) test and molecular studies  

of the expression of GluN1, GluN2A, GluN2B subunits and PSD-95 protein  

were performed. We demonstrated that Org24598 improved declarative memory 

impaired by ethanol administration and normalized the expression of GluN1  

and GluN2B NMDA receptor subunits impaired by ethanol in brain structures 

involved in declarative memory (perirhinal cortex, hippocampus). 

The second phase of the study aimed to investigate the effects of Org24598  

on memory flexibility and spatial memory impairment induced by withdrawal from 

binge ethanol administration. For this purpose, animals were subjected to the Barnes 

maze test and EPM. Administration of Org24598 improved learning and memory 

plasticity. This effect was inhibited by L-701.324 (glycine B site antagonist), 

suggesting the involvement of the glycine B site at the NMDA receptor in the pro-

cognitive effects of Org24598. 

The third stage aimed to evaluate the effect of Org24598 on ethanol preference 

measured in the two bottle choice test, and memory plasticity tested in the Barnes 

maze test in animals subjected to early MS. Moreover, we studied the impact of sex 

on these effects. MS group of rats consumed more alcohol in the two bottle choice 

test with an apparent effect of sex on this effect (MS females consumed more ethanol 

than MS males). Furthermore, early MS resulted in a significant increase in the level 

of the GluN1 subunit of the NMDA receptor in the prefrontal cortex and ventral 

striatum in female rats only, as well as an increase in the expression of the GluN2B 

subunit in these brain structures in both sexes. Administration of Org24598 decreased 

ethanol drinking in MS-treated rats in a dose-dependent manner. MS-treated rats also 

showed a deficit in reversal learning in the Barnes maze test, with similar effects  

in both sexes. Administration of Org24598 was shown to alleviate those deficits,  

and administration of compound L-701.324 reversed the effect of Org24598. 

The results presented in this dissertation demonstrate that modulators  

of the glycine B site in the NMDA receptor may be a potential target  



for the treatment of cognitive and spatial memory impairments induced by ethanol 

dependence. Furthermore, our results suggest that NMDA/glycine sites  

might be targeted in the treatment of alcohol abuse in adolescents with early MS.   

 


